For years, traditional classrooms place students in a passive learning role while the teacher lectures and sometimes assigns homework to reinforce the topic. Recently, there has been an initiative to move the student from a passive learner to an active learner. Research has shown that active learning allows students to process and to recall information better, 1 and students have stated that they prefer active learning to passive learning. 2 Active learning takes the responsibility of learning from the teacher and gives it to the student. Frequently, active learning poses real-life problems in small group settings. This allows for peer tutoring, which is known to help the tutor as well as the tutee. 3 Real-life scenarios help students to see the importance of the topic, motivating them to learn the information.
To truly be an active learner, a student must read, write, discuss, and problem solve. This takes information from a lower thinking order (knowledge and understanding) and places it into a higher thinking order (analysis, synthesis, and evaluation). 1 Ultrasound educators have been effective at using scanning laboratories and clinical discussions to bring didactic knowledge into a higher thinking order. But are active learning strategies being used to teach basic physics concepts? One way to do this is to have students participate in a laboratory simulation. A physics laboratory can enhance the learning of physics concepts and reinforce the techniques used to produce an optimal image. It helps students see what happens to the image immediately and gives them an opportunity to find ways to optimize the image. It gives time for review and reflection that all students need to master the material. Laboratory exercises not only give students hands-on experience but they also let the teacher know when there is a misunderstanding of concepts so that timely feedback can be provided.
Laboratory Model
From our experience, physics laboratories are well suited to second-year students after basic physics concepts have been covered. By this time, students have more scanning confidence so they can focus on using physics principles to improve their image. The laboratory should be well organized so students can work independently or in small groups with minimal assistance. Laboratory materials should include objectives, equipment needed, variables, constants, procedure, prelaboratory report, and postlaboratory report (discussion).
Figures 1 through 6 are a laboratory assignment relating transducer frequency to beam attenuation. Note that the objectives (Fig. 1 ) tell the students that they will be performing a higher thinking order: analyses and evaluation. It is important to include objectives because they let the students know what to expect to learn from the laboratory activity. Independent variables, dependent variables, and constants ( Fig. 2) give the students an idea of what equipment adjustments they will be allowed to make. If these are not included, students may randomly adjust multiple settings and overlook the concept(s) being explored. In part 1 of Figure 2 , the students are not allowed to adjust the control settings while adjusting the transducer frequency. By keeping the control settings constant, students can see what happens to the image when the transducer frequency is changed. The procedure ( Fig. 3) gives step-by-step instructions that the student can follow during the exercise. The easier these steps are to follow, the more independent the student can be while performing the laboratory exercise. Having the students make a hard copy image gives them something to refer to when completing the discussion questions (Fig. 4) . A prelaboratory assignment (Fig. 5 ) is helpful to focus the student's attention on the concept they will be addressing and provides a review of the principles pertinent to the laboratory exercise. Vocabulary words or a short reading assignment can be helpful to do this. The discussion section ( Fig. 6 ) allows students to synthesize infor-mation they have collected from the textbook, class notes, clinic, and laboratory. Many times, asking specific questions is a more productive learning activity than an open discussion or thought paper. These questions can lead the students' thought process toward conclusions they may not consider otherwise. Participation in the laboratory and the write-up can be done in groups, but it is best if each group is no larger than 3 students. A group of 3 is small enough to ensure that all members participate in the procedure and the discussion, but it is large enough to give students an opportunity to tutor one another and discuss the concept thoroughly. The group work can be supplemented with an individual post quiz to ensure that all students are learning.
Potential Laboratory Topics
There are many great laboratory topics. Examples include gain, attenuation, reverberation, Doppler, slice thickness, and quality control. Students can make a phantom or devise a laboratory of their own. This gives them an opportunity to be creative and synthesize information while giving the teacher ideas for future laboratories. Do not underestimate community resources. A museum or science center can tailor a short lecture for the students, and afterward, they can roam through the museum finding and applying physics principles.
Implementation of a Laboratory
First, create a couple of laboratories for use. Start simple and build the number of exercises each year. It does not take a lot of money or equipment to start a physics laboratory. If imaging equipment is a problem, student groups can complete assigned exercises independently in the laboratory or at a clinic site instead of simultaneously. If there is not funding for multiple phantoms, a single phantom can be shared by rotating it among laboratory groups. Many exercises can be completed by scanning in a water bath instead of using a phantom (Fig. 7) . Just be sure to protect the transducer with a waterproof sheath.
Conclusion
A physics laboratory takes physics out of the classroom and gives the students responsibility for their own education. I have found that students have a greater respect for physics after completing laboratory exercises. Opening doors for active learning can seem out of the ordinary or even un- 
LABORATORY Attenuation and Frequency POSTLAB ASSIGNMENT DISCUSS THE FOLLOWING
1. Discuss in detail the differences observed among the images of the sponge and the plexiglass block made with the same equipment settings. Include comments about attenuation, penetration, amplitude, and resolution as the frequency was changed. 2. Discuss in detail the trends in all the equipment settings for obtaining optimal images when changing to different frequency transducers. 3. Explain the principles/causes (at least 3) that account for the observed trends noted in question 2. 4. What are other factors that can mask the appearance of the principles that this experiment is trying to demonstrate? (Provide at least 4.) 5. Describe another method to evaluate the relationship between frequency and attenuation in the laboratory setting and the expected outcome. This can be an entirely different approach or a modification of the today's exercise.
FIG. 6.
comfortable at first, but the student will be a better sonographer and have fun becoming one. Educators are always encouraging students to "think outside the box," and now is our chance to do the same. 
Answer to Diagnostic Challenge (from page 55)
These sonographic findings are compatible with an intussusception. 1 In this case, a Gastrografin enema utilizing a 4 to 1 dilution was then performed to successfully reduce the intussusception.
Intussusception occurs when a segment of bowel prolapses into another caudal segment of bowel. This condition is believed to be caused primarily by enlarged lymphoid follicles in the terminal ileum and can lead to obstruction. 1 It mainly occurs in children between the ages of 3 months and 2 years old. 2 Presenting symptoms can include abdominal pain, mass, red current jelly stools, and lethargy. Abdominal free fluid may also be present. Sonographically, intussusception appears as a "doughnut" or "target" sign with concentric rings. The number of rings varies with the degree of edema or impaction. 3 Gastrografin, barium, or air (pneumatic) insufflation are used for diagnosis and treatment, but this study suggests that sonography can be used to screen suspected patients so that enema studies are used only as a treatment for the condition. 1
